The spermatogenetic and oogenetic cycles of few amphibians have been studied in detail (Lofts, 1984) . Studies of the interstitial cells of the testis and the rate of follicular atresia in amphibians are limited (Pudney and Callard, 1984; Pancharatna and Saidapur, 1985) . Consequently, we examined the histology of the reproductive organs of the hellbender, Cryptobranchus alleganiensis, an aquatic salamander.
McGregor (1899) and Humphrey (1921) found that spermatozoa were present in the testes of eastern hellbenders only during summer. Baker (1963) , however, found that spermatozoa were present from mid-August to early December in the testes of hellbenders caught in Spring River, Arkansas. This population breeds in January (Peterson et al., 1989) , whereas all other known populations breed from late August to early October (Nickerson and Mays, 1973) . Thus, we determined whether hellbenders in Missouri exhibit the same spermatogenetic cycle as eastern populations or a cycle more like hellbenders in Spring River, Arkansas.
MATERIALS
of hellbend-AND M~T~o~s -S a m p l e s ers were collected by hand during daylight one to three times a month from September 1979 to October 1980 in Niangua River, Laclede Co., Missouri. They were killed within 24 h of capture by immersion in a solution of tricaine, and total length (TL, 11 mm) was recorded. Reproductive organs were removed and placed in an alcohol-formalin-acetic acid fixative for 24 h before being stored in 70% ethanol. Ovaries, oviducts, testes, and Wolffian ducts were dehydrated separately in alcohol, cleared in methyl salicilate, and embedded in Paraplast. Ovaries were sectioned at 8 to 15 pm and other tissues at 8 pm. Tissues were stained by the modified Schorr procedure or the Mallory-Heidenhain rapid one-step method (Humason, 1972) . Five stages of oocyte development were identified (Wischnitzer, 1966) and recorded for each specimen. Measurements of oocyte diameters were made with an ocular micrometer. All means are presented k 1 SE.
RESULTS-Mature males ( n = 45) in Niangua River ranged from 344 to 579 mm T L (Table  I) . One immature male (318 mm T L ) was collected. Each seminiferous lobule (Lofts, 1984) was cone-shaped, and the apical end was connected by a short duct to the longitudinal collecting duct. The entire testis was involved in the annual spermatogenetic cycle and in the release of spermatozoa. Development within the testis occurred as a wave that progressed from the caudal to the cephalic end.
Primary spermatogonia occupied the apical end of each lobule all year. Regenerative changes for a were evident as as 25 September when spermatozoa still occupied some lobules (Fig. 1 A) . Spermatogonia had proliferated in one third to one half of the length of ' Does not include 13 females that had retained entire clutch after breeding season.
Every mature female had oocyte stages I and 11. Maximum standard error for oocyte diameter was 0.09 mm for any female.
the regressing lobules in three males collected on dominant. They were also present during M a y 9 October (Fig. 1B) . and June prior to spermatogenic activity, but they Spermatozoa were present in the distal portion developed from spermatogonia rather than sperof isolated lobules that were filled predominantly matocytes at this time.
with spermatogonia in five of six males on 15
Interstitial cells were most abundant immeNovember. Spermatozoa filled the Wolffian ducts, diately after the spermatozoa had left the lobules. but not the testes, of the smallest (390 mm T L ) During winter they were evident primarily in the of the six males. Spermatozoa were retained in periphery of the testes between distal ends of isolated lobules in two of three males on 10 De-adjacent lobules. Interstitial cells were rare or cember, in one of three on 10 January, and in a absent from July to early September. single male during February. Spermatozoa were Secondary spermatocytes were predominant in never observed in testes or Wolffian ducts ob-the single specimen collected on 7 July. Spertained from April through early July.
matids also were present in the caudal end of the Secondary spermatogenic activity sometimes testis. Formation of primary spermatocytes proboccurred at the end of the normal spermatogenetic ably began during late June because only spercycle, resulting in secondary spermatocytes that matogonia were evident in five hellbenders colsubsequently degenerated into spherical struc-lected on 5 June. Approximately equal numbers tures of unknown function (Fig. 1C) . These of secondary spermatocytes and spermatids charspherical structures were recognized as early as acterized sections from four males collected on 14 25 September. Frequently, they were evident in July (Fig. ID) . One male had a few isolated the lumina of the distal ends of lobules during lobules of spermatozoa in the caudal portion of the annual cycle when spermatogonia were pre-the testis. Secondary spermatocytes were predom- inant in the anterior portion of the testis with terior portion of the opisthonephros (Ratcliff, spermatids in the posterior portion. Spermiogenesis was evident in two males collected on 25 July. Spermatozoa were observed along the periphery of the lobules with their heads oriented toward the lumen, which was filled with Sertoli cells (Fig. 2A) . Anterior sections of these testes were populated predominantly with spermatids but frequently contained secondary spermatocytes in the periphery of the distal parts of the lobules. The proximal two-thirds of the caudal lobules had spermatids, and the distal onethird had spermatozoa.
Lobules of seven males collected between 11 August and 8 September were filled with spermatozoa, but spermatozoa were not present in the longitudinal canals of the testes or Wolffian ducts. Spermatozoa were not found in the testes of two males collected on 25 September.
Spermatozoa were absent from the epididymides and Wolffian ducts during July and August and on 8 September when they were abundant in the testes. The Wolffian duct of one hellbender collected on 25 September was full of spermatozoa. A section through the epididymis, or an-1965), bf this individual revealed a nephric unit with the glomerular capsule containing spermatozoa (Fig. 2B) . A few spermatozoa were evident in the epididymides of three of five males collected in October, but they were absent in sections of Wolffian ducts near the cloaca.
Mature females (n = 73) ranged from 390 to 569 mm TL. Eight immature females, 230 to 41 5 mm TL, were collected. Stage I oocytes were the principal oocytes of immature specimens and constituted the largest proportion of oocytes in adults. These irregularly shaped, previtellogenic oocytes were surrounded by a single follicular epithelial layer and a theca interna. The zona pellucida was absent in this stage. Stage I oocytes ranged from 30 to 860 pm (x = 400 + 30) in diameter.
Deposition of yolk platelets began in the peripheral cytoplasm of stage I1 oocytes, and the zona pellucida became evident. A yolkless band of cytoplasm separated the follicular cells and newly formed zona pellucida from the newly deposited small yolk platelets. Yolk filled all but the perinuclear zone in stage IV oocytes. Diameters of these oocytes ranged from 1,200 to 2,300 pm (2= 1,760 + 70). They were absent from most ovarian sections during May and June and from all sections July through September. As in stage I11 oocytes, small yolk granules were deposited adjacent to the zona pellucida, and larger granules were deposited toward the nucleus.
Stage V oocytes were completely filled with yolk. Smaller yolk granules were present adjacent to the zona pellucida and follicular epithelial layer in the peripheral cytoplasm (Fig. 3A) . The nucleus migrated from its central position to the periphery of the cytoplasm as the oocyte increased in size. The nucleus was central in May, eccentrical during June, and nearly peripheral by August. Stage V oocytes occurred predominantly from May through September, the same period when secretory products accumulated in oviducts. Ova were spawned in mid-September to early October at a mean diameter of 6,010 & 70 pm.
Immature females exhibited a relationship between developmental stage of oocytes and total length (Table 2) . However, the three largest immature females (383 mm, 385 mm, 41 5 mm T L ) seemed to be approaching sexual maturity. They were assumed to be immature because they had oocyte stages IV or V that were fewer in number and smaller in diameter than those of mature females collected during the same month. Also the oviducts of these females were smaller than those of mature females. For example, the diameter of the oviduct of the largest immature female (415 mm T L ) was 1.8 mm compared to 5.3 to 8.4 mm for the mature females collected in May. Peterson et al. (1989) reported size of oviducts and gonads relative to body size of hellbenders in this study.
Thirteen mature females collected after the breeding period retained their entire clutch of eggs: three in January and December; two in May and October; one in February, June, and November. Except for the two in October, the ova of these females were undergoing atresia and presented a chronological sequence in the regression of an atretic oocyte. The earliest stages consisted of the hypertrophy of the follicular epithelium and the disappearance of the zona pellucida. The epithelium became highly vacuolated and protruded into the yolk-filled cytoplasm (Fig.  3B) . Follicular cells functioned as phagocytes in the removal of yolk elements (Fig. 3C) . Blood vessels were prominent in the thecal tissue. During May there was abundant coalescence of yolk elements not yet phagocytized by the follicular epithelium. Liquefaction of yolk elements also seemed to occur at this time. The follicular epithelium became highly vascularized in May.
A stage IV oocyte in the process of regression was observed in a hellbender captured in May. A large number of neutrophils had invaded the atretic oocyte. However, neutrophils were not associated with mature oocytes that were retained. D I S C U S S I O N -T~~~~õf the spermatogenetic cycle of hellbenders in Niangua River was similar to that of eastern (collection sites not reported) hellbenders examined by McGregor (1 899) and Humphrey (1921) ; however, Wikramanayake and Dryden (1985) collected two males in Pennsylvania during May that contained spermatids. This is more than a month earlier than when spermatids were present in males collected in this study. Spermatogenesis in males in Niangua River was completed in late July, whereas Baker (1963) first observed spermatozoa in mid-August in hellbenders in Spring River, Arkansas. Spermatozoa remained abundant in males in Arkansas until early December. In contrast, few males in Niangua River had abundant spermatozoa after September. Spawning in Niangua River occurs in September (Dundee and Dundee, 1965; Peterson, 1988; Peterson et al., 1989) . The male collected on 15 November with spermatozoa in the Wolffian ducts may have failed to breed. Humphrey (1921) believed that interstitial cells of hellbenders were not the site of production of testicular hormone. Instead, he believed the interstitial cells developed as a structural response to the regression of the testes after the spermatogenetic cycle was completed and spermatozoa evacuated. However, Pudney et al. (1983) reported that the region of differentiated Leydig cells of Necturus maculosus synthesizes steroids. As in hellbenders, hypertrophy of the interstitial cells of N. maculosus occurs after spermiation (Humphrey, 1921) .
Although nephric units with glomeruli occur (Ratcliff, 1965) . Noble (1931) suggested that it was a primitive condition in amphibians for vasa efferentia to develop from the embryonic kidney and to serve as a passageway into the Wolffian duct by way of the nephron. Some anterior opisthonephric nephrons serve as an epididymis and receive vasa efferentia from the testis. The Wolffian duct retains some function as a kidney-draining duct in most salarnanders but serves as the vas deferens in all (Williams et al., 1984) . Ratcliff (1965) reported that the nephrons of the hellbender urinary kidney fail to connect with the Wolffian duct but extend independently to the cloaca, permitting the Wolffian duct to serve exclusively as a vas deferens in these animals.
Deposition of yolk in maturing oocytes of females in Niangua River occurred in a manner similar to that of hellbenders in Pennsylvania (Smith, 1912) . The largest oocytes of females killed by Smith (1912) on 6 July contained yolk granules throughout the cytoplasm, corresponding to stage V oocytes found in females collected from May to September in this study.
We were surprised to find an immature female with a total length of 415 mm. Taber et al. (1975) believed that females of that size in Niangua River were mature, and all other females longer than 390 mm T L were mature. Although this female may have been nonbreeding rather than immature, this study and Peterson et al. (1988) indicate all mature females produce a clutch of ova each year.
Atretic follicules are commonly found in amphibians, although the physiological significance of follicular atresia is unknown (Saidapur, 1978) .
The Southwestern Naturalist vol. 36, no. 1 Saidapur (1978) reported that interstitial gland cells seem to arise from large previtellogenic atretic follicles and that the gland cells produce steroids. However, Lofts (1984) stated that the follicular cells secrete amphibian estrogens and that there is little evidence to attribute the atretic follicles with a steroidogenic capacity. T h e value of the retention (and subsequent atresia) of a n entire clutch of ova by some females in this study is problematical because the hellbenders did not appear physically impaired. W e have collected two mature females i n Spring River, Arkansas, that also had retained a full complement of eggs after the breeding season (Peterson et al., 1989) .
